Prefabricated buildings have been heavily promoted by the Chinese government in recent years, for the purpose of alleviating adverse environmental burdens and accelerating urbanization. 10 Policies presented by the State Council and the Ministry of Housing and Urban-Rural Development of China in 2017 have proposed a target that the prefabricated buildings must account for at least 15% of all newly built buildings in 2020. 11 Prefabricated buildings in Hunan Province are in their infancy, but have been undergoing a rapid development since 2016, supported by national policies. However, the rapid development brings about several problems, including engineering problems and a lack of technological innovation and intellectual supports.
Although prefabricated buildings have been studied and widely used in some developed countries, it is still of great necessity to perform some further studies due to the particularity in climatic diversity, physique of people and the technical adaptability of the prefabricated technology. [12] [13] [14] [15] For example, studies on indoor thermal environment inside prefabricated buildings need further investigation. Relevant studies revealed that the variation of the indoor air temperature in prefabricated buildings appeared synchronously with that of ambient air temperature during daytime in summer, which might be resulted from an insignificant thermal performance of envelopes. 12 As a result, thermal environments inside prefabricated buildings are usually unacceptable for long-term occupation. Additionally, the structure of the prefabricated envelopes will need further study, to enhance the thermal resistance and improve the indoor thermal environment. For example, by adding a thin movable fabric layer of 0.9 reflectance to the walls and roof, external window blinds would lead to a very high percentage reduction in unacceptable hours. 13 Furthermore, multijoints connecting the layers of the prefabricated modules lead to multithermal bridges that may result in altered thermal performances and the moisture transfer process of prefabricated buildings.
14 Also, many design systems are developed in the context of nonprefabricated buildings and cannot be well suited to prefabricated buildings. 15 These are some uncertainties for the development of prefabricated buildings in China.
For the purpose of solving these problems and uncertainties, our lab was approved to become established in 2017 by the Department of Science and Technology of Hunan Province. The lab is also technically supported by the provincial key discipline 'Civil Engineering' of the University of South China. 
Latest progress of our lab
Considering problems and uncertainties in the design and application of prefabricated buildings, we have conceived some innovative ideas and focused on both theoretical issues and engineering inadequacies. For example, we try to introduce phase change materials (PCMs) and humidity-adjusting materials that we developed into the prefabricated envelopes considering the importance of building envelope to building energy conservation, 16 and we pay much attention to the ideal structures and thermal-moisture transfer process of the prefabricated envelopes. Fig. 1 illustrates the introduction of PCM into the prefabricated envelope. The details are shown below. The use of PCM is good for energy storage and to maintain comfortable thermal environment for occupants. 17 
Structures and thermal performances of the PCM prefabricated envelopes
China has a variety of climates, 18 which could be an issue for the wide application of prefabricated buildings. Considering the diversity of climates, physical parameters of the multi-layer, multi thermal bridge, building envelopes containing PCM, including the thermal conductivity, porosity and permeability have been investigated, and relationships between the overall thermal flux and these physical parameters have been scrutinized. 17 In addition, effects of the thickness, positions and materials of these layers on overall thermal flux and heat loss have also been investigated under different climates, based on which we obtain the energy-saving and economic structure of the prefabricated envelopes. 19 Based on the structure of the envelope, distributions of the heat flux, variations in moisture ratio of the envelope have been analysed under different air temperatures, as well as changes in the comprehensive heat transfer coefficient and moisture transfer coefficient. Thereafter, characteristics of the phase change in overall thermal performance of the multilayer, multithermal bridge and PCM prefabricated envelopes can be concluded.
Life cycle bidirectional heat and moisture transfer process of the PCM prefabricated envelope Based on the structure obtained from the research, the bidirectional heat and humidity transfer process of the PCM prefabricated envelope have been studied under summer and winter conditions, as the whole-day ambient air temperature could vary periodically. Fig.  2 demonstrates the expected heat transfer process of the multi-layer PCM envelopes at night and during daytime for summer and winter conditions. Specifically, the relationship between indoor and outdoor temperature difference and the quantity, direction of the heat flux of the prefabricated envelopes has been analysed based on the enthalpy-porosity phase change heat transfer theory. In the meantime, effects of the phase change process resulted from the moisture inside and PCMs on the bidirectional heat transfer of the prefabricated envelopes have also been scrutinized. Consequently, these results will be helpful for us to find an envelope structure, with which the heat flowing into the indoor environment can be attenuated in summer, while the heat flowing into the indoor environment can be enhanced in winter. Thereafter, the bidirectional heat transfer of the multilayer, multithermal bridge and PCM prefabricated envelopes can be further studied under different climates and phase change characteristics.
Effects of the 'thermal and moisture bridge' on the thermal storage and heat transfer of the prefabricated envelope during the whole life cycle One highlight of our lab is that we present the 'thermal-moisture bridge' hypothesis, based on the studies mentioned above. In order to validate this hypothesis, changes in the heat flux and moisture ratio of the multilayer, multithermal bridge and PCM prefabricated envelopes have been investigated, and the mechanism of the formation of the 'thermal-moisture bridge' has also been analysed. Additionally, the interaction of the thermal bridge and 'moisture bridge' has been studied, including responses of the moisture transportation inside the prefabricated envelope due to changes in thermal bridges, as well as influences of the 'moisture bridge' on the heat transfer process inside the prefabricated envelope.
Furthermore, effects of the 'thermal-moisture bridge' on the heat absorption and dissipation performances, as well as the overall thermal performance of the multilayer PCM prefabricated envelope have also been analysed.
Finally, considering the time-varying characteristics of the air temperature and the quantity, position and array of metal joints connecting the layers of the prefabricated envelopes, the quantity, direction and timevarying characteristics of the heat flux and moisture inside the prefabricated envelopes have been scrutinized. Based on that, the four-dimensional coupling heat-moisture transfer of the multilayer, multi thermal bridge and PCM prefabricated envelopes has been analysed, which is critical to the design, manufacture and application of prefabricated buildings.
Potential achievements
We have introduced the work that has been done and are ready to be carried out. So what we can achieve through this research? First, the mechanism of the bidirectional coupling heat-moisture transfer of the prefabricated envelope is an important achievement we are about to acquire. As we have already analysed, the heat-moisture transfer process between the envelope and the environment is characteristically bidirectional, due to the differences in indoor and outdoor air temperature and moisture. Meanwhile, the heat transfer inside the envelope becomes more complicated since the PCMs are introduced into the envelope. As a result, it is expected to obtain the mechanism of the bidirectional coupling heat-moisture transfer of the prefabricated envelope, through comprehensive investigations including the heat-moisture transfer inside and outside the prefabricated envelope, and the phase change process due to the PCM and moisture inside the envelope.
What's more, the mechanism of the fourdimensional heat-moisture transfer of the prefabricated envelopes is another potential achievement we are about to acquire. '4-dimensional' includes a consideration of the heat transfer in three directions inside and outside the envelope, and the time-varying heat transfer during a single day. The multilayer, multithermal bridge and PCM prefabricated envelope has brought several differences to the heat-moisture transfer process, due to its 'thermal-moisture bridge', PCM heat transfer and climatic features. As a result, its heatmoisture transfer may be a characteristic of multidimensional, highly coupling and dynamic. Therefore, it is critical to study the mechanism of the fourdimensional heat-moisture transfer of the prefabricated envelopes.
Finally, these theoretical achievements will be considered during our experiments and when building a prototype of the prefabricated envelope in the lab, which will contribute to the application and development of prefabricated buildings in China, especially in the hot summer and cold winter climate regions of China. The application of prefabricated building could provide a better control of building management, construction planning and efficient use of materials including introduction of passive technology and tighter control of air leakage in the building envelope.
Ending remarks
China's rapid urbanization and economic development is resulting in a substantial energy demand and consumption, especially in the building industry. 21 The prefabricated technology is a good way to improve the building quality, attenuate the energy consumption, alleviate adverse environmental burdens and accelerate the urbanization process. Therefore, it will be of great significance to scrutinize these topics above, finally making our society more environmental friendly and resource efficient.
